Apomorphine hydrochloride is used to treat refractory motor fluctuations in advanced Parkinson's disease. Delivery by infusion is associated with the formation of hard subcutaneous nodules, which may be painful, limit available infusion sites, and interfere with absorption of the drug. Diagnostic ultrasound was used to image affected tissue in 12 people experiencing apomorphine nodule formations. It revealed significant departures from normality in dermal and subcutaneous tissue, including a variety of nodule appearances, dermal thickening and diffuse changes consistent with inflammatory reactions. Sonographic appearances differed markedly between individuals, but no clear correlation between severity of tissue changes, patient demographics and apomorphine dose was observed. Diagnostic ultrasound may be useful as a non-invasive method of assessing subcutaneous nodule formation, to measure changes in affected tissue over time and after treatment.
Introduction
The drug apomorphine has been licensed for use in the United Kingdom since 1993 (Britannia Pharmaceuticals, Redhill, Surrey, UK). It is a dopamine agonist used for reducing unpleasant dyskinesias in people with advanced Parkinson's disease. 1 Those who experience the greatest motor fluctuations, or debilitating, unpredictable 'on-off' periods, receive apomorphine subcutaneously via a continuous pump infusion normally during waking hours. The infusion site is usually the lower abdomen or upper thigh, 1, 2 and it is recommended that a new site for needle location is found each morning. 3 The drug has common side-effects including nausea, confusion, sedation and cutaneous complications. 1, 2 Over time, the majority of people infusing apomorphine will develop painful hard nodules in and around the multiple injection sites. 2, 4, 5 These painful nodules not only restrict patient choice of infusion site but may sometimes cause erratic absorption of the drug. 1, 4 The development of subcutaneous complications has been observed also in people with diabetes mellitus and in some sickle cell anaemia patients requiring regular intramuscular injections for pain control. 6, 7 Few studies have been conducted on the formation of apomorphine nodules and consequently, little is known about their aetiology or natural history. 4, 8 In this exploratory study, diagnostic ultrasound was used to characterise and catalogue the appearance of nodules in 12 patients. The study preceded an investigation into the effectiveness of a novel treatment strategy for such nodules, with ultrasonographic appearance being used as an outcome measure.
Method
Ethical approval for this exploratory study using ultrasound, and for a proposed therapeutic trial, was obtained from the hospital trust ethics committee. Written informed consent was obtained from all participants. Twelve patients who used a continuous apomorphine pump infusion were recruited from a specialist Parkinson's disease clinic. Eight were female and four were male. Ages ranged from 47 to 75 years (mean age 64 years). The mean body mass index was 25 . 8 (range: 19 . 1-36 . 4). The number of years since Parkinson's disease was formally diagnosed ranged from 9 to 32 (mean 20 years). Apomorphine had been used by the participants for a mean average of four years (range: 3 months to 10 years) and the dose rate varied between 3 . 5 and 13 . 8 mgh
21
. The lower abdomen or upper thigh used for infusing was palpated manually to identify regions with the most profuse nodule formation. The affected tissue was photographed and then imaged by an experienced sonographer using a Sonosite MicroMaxx unit (Sonosite, Hitchin, UK) with colour Doppler and a 13-6 MHz linear array transducer.
The depth of field was kept constant at 4 cm. The high resolution option with compound imaging was employed for maximum image quality. Images of the affected areas were acquired in both longitudinal and transverse planes. Control views of an area nearby which was not used for infusing were retained for comparison. Images were saved and stored for later analysis by the sonographer.
Soft copy images were scrutinised for both diffuse and focal subcutaneous and dermal changes. Normal subcutis has a uniform hypoechoic appearance and is traversed by thin septa (Fig. 1) . 9, 10 Non-uniformity of the subcutis indicated the presence of nodules. Normal dermis is hyperechoic compared to the subcutis, with an even depth of 2 mm or less (Fig. 1) . from the subcutis. The subcutis was assessed for echogenicity compared to the control zones, and focal nodular areas within the subcutis were assessed for size, shape, edge definition, and echo-texture. Vascularity of the nodular areas was investigated using colour Doppler on a low velocity setting of 3 cms
.
Results
All the control zones displayed normal dermal and subdermal sonographic appearances. In the areas used for infusion the dermis was thickened (3-8 mm) in 42% (n55) of the patients (Fig. 2) , and the boundary between the dermis and subcutaneous layer was indistinct in 50% (n56) (Fig. 3) . When compared to control areas not used for infusion, the subcutaneous layer was diffusely hyperechoic in 42% (n55) (Fig. 4a) . In some cases these diffuse appearances correlated well with visible inflammatory changes on the skin surface (Fig. 4b) .
From the cohort of twelve patients, 18 nodules were identified and analysed in detail. The majority were spherical or fusiform in shape, ranging from 3 to 30 mm in diameter. Most nodules (61%, n511) had well-defined borders. Seven (39%) were irregular or indistinct in outline. Four (22%) nodules were hypoechoic compared to the surrounding subcutis (Fig. 5) . Seven (39%) were isoechoic or hyperechoic compared to the surrounding subcutis ( Fig. 6a and b) . Isoechoic nodules were identified by the presence of a hypoechoic halo. Seven nodules (39%) were truly cystic in appearance (Fig. 7) . One participant who had been using apomorphine in excess of 10 years demonstrated strongly shadowing linear foci in addition to having diffuse dermal and subdermal changes (Fig. 8) . Multiple nodules within the same patient often had varying appearances. None of the 18 focal areas displayed any detectable vascularity on colour Doppler interrogation. There was no obvious correlation between patient demographics, drug dose and severity of nodule formation or other tissue changes.
Discussion
Ultrasound has been used to examine the skin and subcutaneous layer for over 30 years and is now the imaging modality of choice due to its ability to achieve high resolution images and accurate reproducible measurements. 9, [12] [13] [14] Numerous studies have used ultrasound to described a range of superficial focal and diffuse skin appearances including tumour, lipoma, haematoma, lymphoma, abscess, cellulitis and panniculitis. 9, 10, [13] [14] [15] [16] We used ultrasound to investigate subcutaneous appearances in people using apomorphine infusions and found that in every case the infusion sites had markedly abnormal sonographic appearances compared to control areas. Focal and/or diffuse subdermal changes were observed in all patients. Many had dermal thickening and a loss of definition of the dermis/subcutis boundary. Diffuse hyperechoic appearances and indistinct delineation between dermis and subcutis are consistent with cellulitis. 9, 14, 17 These observations indicate that apomorphine infusion is associated with more extensive changes in tissue than has previously been reported.
A number of causal processes are possible. Tissue changes may be the consequence of inflammatory effects caused by repeated needle insertion in a relatively small area. 8, 18 Associated haemorrhage through repeated needle trauma can lead to vascular compromise of the capillaries, which also influences subcutaneous appearances. 6, 9, 19 Although colour Doppler did not reveal the presence of fine vessels in this study, power Doppler might have. Traumatic panniculitis cannot be the only mechanism involved since nodule formation may occur after just one needle insertion in some patients. Nodule formation could also be triggered by subcutaneous tissue reacting to the drug itself or to its preservative. This is supported by evidence that nodule development is reduced when the drug is diluted with saline. 1 Tissue changes may therefore be a combination of needle trauma and reaction to the drug compound.
Panniculitis is a complex condition involving inflammation of the subcutaneous layer beneath the dermis, 20 which may result in fat necrosis. 6 Different histopathological appearances are observed at different stages of panniculitis. 20 Injecting drugs and performing needle biopsies is known to cause traumatic panniculitis and fat necrosis. 9, 19, [21] [22] [23] The appearance of fat necrosis has been described most frequently in the breast where it can mimic cancer. 19, 21, 24 Other studies report examples of fat necrosis in the thigh, 6, 9 and in the abdomen of a person with diabetes mellitus. 7 These nodules were also tender and resulted in erratic absorption of insulin.
Localised fat necrosis has varying sonographic appearances, 9 depending on age, 19, 21, 24 and presence of haemorrhage within the fat necrosis, 6, 19 although it is difficult to differentiate between the two processes using ultrasound alone. 21, 24 This may explain why a wide range of nodular appearances was seen in our study. Hyperechoic and hypoechoic foci in apomorphine users may represent not only nodules of different ages but also regions of fat necrosis mixed with varying degrees of haemorrhage. The truly cystic nodules observed may be in keeping with the evolution of old liquefied haematomata. 25, 26 Fibrotic changes in breast tissue cause acoustic shadowing on ultrasound. 27 Strong shadowing seen in the subcutis of one participant in this study may also represent fibrotic tissue changes, especially in view of the length of time that person had been infusing apomorphine. Further studies on other longterm users are needed to investigate this suggestion. Histological correlation with sonographic findings is necessary before any of these interpretations can be verified. Nevertheless our findings suggest that diagnostic ultrasound may provide a feasible outcome measure for tracking subcutaneous tissue changes. The data from this study will form the foundation for a follow-up study on response of these lesions to therapeutic ultrasound treatment.
Currently, there is limited evidence regarding prophylaxis or treatment of apomorphine nodules. Scrupulous hygiene when preparing to inject, massage of the affected areas, application of tea tree oil, silicone gel patches, and therapeutic ultrasound have all been suggested as measures to minimise nodule formation and hardness. 1,2,4 A clearer understanding of nodule development and appearance is likely to help evaluate preventative measures and therapeutic pathways. While histology remains the gold standard in diagnosing and measuring subcutaneous tissue changes such as panniculitis, ultrasound has the advantage of being non-invasive, portable, reproducible and dynamic. Diagnostic ultrasound could have a role in the tracking of inflammatory changes and may prove to be a useful imaging modality for assessing the effectiveness of treatment strategies. 28 Recommendations for further work include correlation of sonographic and histological findings, as well as tracking the evolution and resolution of nodules in a large cohort so that risk factors and prognostic indicators may be identified.
Conclusion
In this study, there was a marked departure from normal in the sonographic appearances of skin and subcutaneous areas used for infusing apomorphine. The wide range of nodule appearances may be due to varying stages of inflammatory changes associated with the complex process of panniculitis. Diagnostic ultrasound may be helpful for tracking the evolution of apomorphine nodules and other changes in surrounding tissue. 
